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Abstract 
The more intensive use of containers for channelling the flows of international trade has led to the ports become 
nodes of the main supply chains. As a result, there is a strong competition among port alternatives to attract routes to 
their facilities in order to gain the greater share of maritime traffic. The need to identify the variables responsible for 
the success of a port over its competitors has led to the birth of a line of research to develop a tool for port planning. 
This tool, called GOAPORT, is being developed in the framework of discrete choices modes which allows us to 
identify these variables and forecasting market shares in different situations from current one. 
To calibrate it we need a data with the maximum possible detail. But surveys are very expensive and public data 
available is sparse and too aggregated. The problem is compounded when we try to research the Spanish port 
system. Due to confidentiality issues we are not allowed to know directly which ports use the Spanish companies to 
export and import their goods abroad.  
This paper focus on the development of a theoretical model which work a disaggregated level but whose data are 
partly aggregated making impossible to know the alternative chosen at a disaggregated level. This model, let us use 
the Spanish public data at the highest level of detail possible. Thus it, it can explain and predict the port choice by 
knowing characteristics of the company, the place where they are located, the land which they trade, trade goods, 
and of course, port characteristics.  
Furthermore, the methodology set up could be reuse and applied it in other fields as long as they have the same 
common structure of public data. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of PANAM 2014. 
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1. Introduction 
This paper presents the development of a model which work a disaggregate level calibrate with public data partly 
aggregated. This work is developed within a line of research to develop a tool to explain and predict the port choice 
focused on increasing Spanish port competitiveness from hinterland perspective. This tool, called GOAPORT, is 
being developed in the framework of discrete choices modes which allows us to identify the variables responsible 
for the success of a port over its competitors and forecasting market shares in different situations from current one.  
The paper is structured as follows. In the next section we focus on the State of art. Section 3 sets out the 
framework of development. Section 4 discuss first, how to deal with the problem of the grouped data and, then it, 
develop the final model adopted. Section 5 present the case study. Final considerations and future directions, are 
briefly described in section 6. 
2. State of art 
The interest of researchers in the topic of port competition has increased in the last decade. See recent reviews of 
literature in: Pallis, Vitsounis, and de Langen, 2010; Pallis, Vitsounis, De Langen, and Notteboom, 2011; Woo, 
Pettit, Beresford, and Kwak, 2012; Woo, Pettit, Kwak, and Beresford, 2011. 
However, from a revision of the literature, we can conclude: first, a wide majority of the papers on that topic have 
been focused on the sea side while the ports’ hinterland has been much less studied (Cullinane & Wilmsmeier, 
2011). As a result, most of the papers published about the activity of the port sector ignore what is happening in the 
inland side despite the inflows/outflows having an inland origin/destination. See GarciaϋAlonso & Sanchezϋ
Soriano, 2010 for a complete statement of the problem. And second, papers that study the port choice from the point 
of view of discrete choice are sparse, barely above a dozen: Anderson et al., 2008; Blonigen, A. & Bruce, Wilson, 
Wesley, 2006; Garcia-Alonso & Sanchez-Soriano, 2009; M. B. Malchow & Kanafani, 2004; M. Malchow & 
Kanafani, 2001; Nir, Lin, & Liang, 2003; Tiwari, Itoh, & Doi, 2003; S. Veldman, Bückmann, & Saitua, 2005; S. 
Veldman, Garcia-Alonso, & Vallejo-Pinto, 2011; S. Veldman & Bückmann, 2003; Simme Veldman, Alonso, & 
Pinto, 2013 . In Martínez-Pardo, Orro Arcay, and Garcia-Alonso, 2012 can be found a comparative study of the 
geographical coverage, markets, data, models, variables, scope and research results between these studies. 
 
3. Discrete choice models 
3.1. Framework 
Discrete choice models (DCM) were developed in the late 1970’s. One founder is Daniel McFadden, who win the 
2000 Nobel Prize in Economics for his theories and methods for analyzing discrete choice. In their beginnings, 
Moshe Ben-Akiva published a Ph.D. dissertation on the subject. Jordan Louviere and David Bunch helped develop 
original designs for DCM choice experiments. On 90's the DCM was remodelling and got a strong drive. 
In a nutshell, in a discrete choice model a decision makers choose among a set of alternatives or choice set. DCM 
are usually derived in a random utility model framework in which decision makers are assumed to be utility 
maximizers (they choose the alternative with the highest utility).  
Following the common notation, Unj is the utility associated with alternative j for the decision maker n. In the 
context of our problem, the probability that the company n choose the port j from all J possible ports in the choice 
set Cn can be expressed as: 
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௡ܲ௝ ൌ ܲݎ݋ܾሺܷ௡௝ ൐ ܷ௡௜ǡ ׊݆ ് ݅ሻ 
The utility is only known by the company but not by the analyst because there are aspects of utility that the 
researcher does not, or cannot observe. As a result, utility is decomposed in two parts (1) the observed part, ௡ܸ௝ , 
representing the attributes of the company and the ports, (2) ߝ௡௝ , the unobserved component -aka error term, 
stochastic or unpredictable part- which captures the factors that inÀuence utility but that are not in ௡ܸ௝. 
 
ܷ௡௝ ൌ ௡ܸ௝ ൅ ߝ௡௝ 
3.2. Model utility specification 
The observed part of the utility, ௡ܸ௝, is a function of variables and coefficients representing the attributes of the 
company n and the port j (see equation 1). 
 
 ௡ܸ௝ ൌ ݂ሺݔ௝ǡ ݖ௡ǡ ݓ௡௝ȁȾǡ ߛ௝ǡ ߜ௝ሻ (1) 
 
In usual practice, the most frequently employed discrete choice models implement a fixed coefficient utility 
specification that is lineal in the parameters (see equation 2). 
 
 ௡ܸ௝ ൌ ܣܵܥ௝ ൅Ⱦᇱݔ௝ ൅ߛ௝ᇱݖ௡ ൅ߜ௝
ᇱݓ௡௝ (2) 
 
where: 
 
x ݔ௝: vector of alternative specific variables with a generic coefficient Ⱦ. For instance, characteristics of the port 
like commercial and shipping facilities ( e.g. quays use and depth, land areas and stocking areas, cold storage 
and fishing installations, cranes, tugs), facilities entering or leaving the port (e.g. railway, road, train, pipe), 
volume of goods traffic (total or classification by type) or ship traffic. 
x ݓ௡௝: vector of alternative specific variables with an alternative specific coefficientsߜ௝. For example distance 
between port and the gravity point of the council of origin of cargo.  
x ݖ௡: vector of company specific variables with a alternative specific coefficients ߛ௝ such company size, turnover 
of a company or business sector. 
3.3. Model Calibration 
The maximum likelihood (ML) approach is commonly used to fit simple discrete choice models to the observed 
data. The basic idea in ML is treat the set of values of coefficients Ⱦǡ ߛ௝ǡ ߜ௝ (henceforth abbreviate by ߠ) as variables 
and log-likelihood as objetive function. The ML estimation selects the ߠ which maximizes the fit of our utility 
specification (see equation 2) to our dataset (see section 5.2). Knowing ߠ, we can implement them on GOAPORT 
and use it to forecasting market shares in different situations from current one. 
If the observations on dataset are independent, the likelihood function is given by the product of the model 
probabilities, Pnj, that each company chooses the port they actually select within the choice set Cn: 
 
 ܮሺߠሻ ൌ  ଵܲଶ ଵܲଶ ଵܲଶ ǥ ൌ ς ς ሺ ௡ܲ௝ሻ௬೙ೕ௝ఢ஼೙
ே
௡ୀଵ   (3) 
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where ݕ௡௝ is a dummy variable which represents the choice of the company for each port alternative in Cn; ݕ௡௝ ൌ
ͳ if port j is chosen by company n and 0 if not. And ߠ is the set of values of coefficientsȾǡ ߛ௝ǡ ߜ௝. 
To facilitate the numerical maximization we work with the log-likelihood or natural logarithm of the likelihood: 
 
 ܮሺߠሻ ൌ ෍ ෍ ݕ௡௝ሺ
௝ఢ஼೙
ே
௡ୀଵ
௡ܲ௝ሻ 
 
The maximization of this log-likelihood can be done through programming algorithm such as Newton-Raphson, 
BFGS (Broyden–Fletcher–Goldfarb–Shanno) or BBHH (Berndt, B. Hall, R. Hall, and Jerry Hausman). 
3.4. Type of discrete choice model 
Specific choice probabilities Pnj for different discrete choice models (DCM) are obtained by imposing different 
assumptions on the distribution of the error term (unobserved component of the utility). 
In case of more than two alternatives, the basic model is the multinomial logit model (MNL) which assumes that 
error error term are independently and identically distributed (iid) and follow a Gumbel distribution with mode zero 
an scale one ( ߝ௡௝̱݅݅݀ܩሺͲǡͳሻሻ. The iid assumption entails the independence of irrelevant alternatives (iia), i.e. 
states that the odds of preferring one class over another do not depend on the presence or absence of other 
"irrelevant" alternatives. For example, the relative probabilities of choose a port A or B to export a determinate good 
do not change if a new port is added as an additional possibility. Clearly, the independence of irrelevant alternatives 
is hardly acceptable for our case: there is a spatial correlation between port because the nearest ports are better 
substitutes than ones far away. And, if we work with differents types of merchandise (not only containerized) there 
also could be a correlation due to the ports specialization, e.g.: ports with maritime container terminals will draw off 
more traffic to other ports of the same type than ones specializing in bulk. 
Over last decades, advancements in DCM have generally focused on either relaxing the assumption restriction of 
the MNL, a subsequent study focuses the DCM that are most applicable to the study of port choice. This study goes 
from the nested logit and cross-nested logit up to the Mixed logit. 
4. Theoretical model 
Our dataset do not specify the port chosen by the company at disaggregated level. Consequently it is impossible 
build the likelihood function as set in equation 3 because we do not known ݕ௡௝. But the pattern of port choice of 
groups of companies (Gk) are available. In the next subsections we will discuss, first, how to deal with the problem 
of grouped data and, then it, develop the final model adopted. 
4.1. Grouped data 
If the exogenous variable do not vary within the groups, individual choice models are easily estimable with such 
aggregated choice data (Greene, 2011; Maddala, 1986). This approach is useful to explain and predict grouped 
choices (the proportions of companies in the group choosing port j). If we use this approach, we refuse the posibility 
that explaining and predicting individual choices. 
When the exogenous variable vary within the groups, as in our case, the prevailing approach has been to abandon 
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discrete choice models and use the group averages of the predictors to estimate the models . We discard it because 
we lose individual valuable information. 
In 2006, Kurkalova and Rabotyagov proposed a method to recover the parameters describing individual choices 
when only grouped choice data are available. The method is built on the observation that ܲݎ݋ܾሺݕ௡௝
ீೖ ൌ ݕො௡௝
ீೖሻ is the 
sum of ቆ
ܰܩ݇
ݕො݆݊
ܩ݇ ቇ probabilities of disjoint events in each of which exactly ݕො௡௝
ீೖ of ܰீ಼ companies adopt alternative j. 
ܰீೖ is the number of observations in group ܩ௞, ݇ ൌ ͳǡǥܭ and σ ܰீೖ௞௡ୀଵ ൌ ܰ. 
To illustrate, consider the case of two alternatives A and B, ܰீೖ=3 and ݕො௡௝
ீೖ ൌ ͳ: 
 
ܲݎ݋ܾ൫ݕ௡஺
ீೖ ൌ ݕො௡஺
ீೖ൯ ൌ ܲݎ݋ܾሺͳ݋ݑݐ݋݂͵݅݊݀݅ݒ݅݀ݑ݈ܽ݅݊݃ݎ݋ݑ݌ܩ௄݄ܿ݋݋ݏ݁ܣሻ ൌ
ൌ ܲݎ݋ܾሺͳ௦௧݄ܿ݋݋ݏ݁ܣǡ ʹ௡ௗ݄ܿ݋݋ݏ݁ܤǡ ͵௡ௗ݄ܿ݋݋ݏ݁ܤሻ
൅ ܲݎ݋ܾሺͳ௦௧݄ܿ݋݋ݏ݁ܤǡ ʹ௡ௗ݄ܿ݋݋ݏ݁ܣǡ ͵௡ௗ݄ܿ݋݋ݏ݁ܤሻ
൅ ܲݎ݋ܾሺͳ௦௧݄ܿ݋݋ݏ݁ܤǡ ʹ௡ௗ݄ܿ݋݋ݏ݁ܤǡ ͵௡ௗ݄ܿ݋݋ݏ݁ܣሻ 
 
Kurkalova and Rabotyagov (2006) applied this for binomial logit models and performs encouragingly well in an 
application to simulated grouped data on adoption of conservation tillage (Kurkalova and Wade, 2013). In the next 
section we extend this model to be use with multinomial choice (3 or more available alternatives). 
4.2. Model formulation 
Let be (1) ܰீೖ the total number of n companies in group ܩ௞, such that σ ܰீ಼௄௞ୀଵ ൌ ܰ and (2) ݕො௝
ீೖthe number out 
ܰீೖof companies adopt port j where σ ݕො௝
ீೖ
஼ಸೖ ൌ ܰ
ீೖ. We can write a new general function of likelihood as: 
 
 ܮሺߠሻ ൌ  ଵܲଶ ଵܲଶ ଵܲଶ ǥ ൌ ς σ ς ς ൫ ௡ܲ௝൯
ఝ೙ೕ
೗
௝ఢ஼ಸೖ
ேಸೖ
௡ୀଵ
௅ಸೖ
௟ୀଵ
௄
௞ୀଵ   (4) 
 
Where the total of different summands for each group k, ܮீೖ, are the permutations of ܰீೖ companies divided by 
the product of the number of companies ݕො௝
ீೖthat select port alternative j for all J in choice set of ܩ௞ (ܥீೖ). This is 
also known algebraically as permutations with repetition of indistinguishable objects: 
 
ܮீೖ ൌ 
ܰீೖǨ
ς ቀݕො௝
ீೖቁ Ǩ௝ఢ஼ಸೖ
 
 
and in each summand l must be fulfilled that σ ߮௡௝௟ே
ಸೖ
௡ୀଵ ൌ ݕො௝
ீೖ where ߮௡௝௟  is a dummy variable which represents the 
choice of the company for each port alternative in ܥீೖ according to: ߮௡௝௟ ൌ ͳ if port j is chosen by company n and 0 
otherwise. 
5. Case of study 
To implement the model, fundamentally, we need (1) the port's characteristics, (2) the Spanish companies' 
attributes that export and/or import, (3) the trade goods, (4) the origin and destination of the flows exchanged 
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between Spain and the rest of the world together its properties, and (5) the port choice. 
The Spanish Ports Authority provide the Spanish port's characteristics. Regarding from (2) to (5), to the best of us 
knowledge, there is no database that includes all the variables, neither can be established a direct relationship 
between them. We focus on it in the next subsection. 
5.1. Databases 
The Directory of Spanish Exporting-Importing Companies (DSEIC) of Chambers of Commerce, allowed us to 
identify the companies that are generating the export-import transactions. DSEIC provide us the company's legal 
address, the range in Euro of the performed annual operations (company size, Sn), the exported or imported trade 
goods classified according to the Combined nomenclature (good code, GC) and the mainland (M) where they carry 
out their interchanges. 
The database of the Spanish Customs Statistics (SCS) from Spanish Customs and Excises Taxes Agency, provide 
information about each export and import single operations by GC between Spain and the rest of the world by 
transport mode. SCS include the Spanish regions of origin or destination (province level), the customs clearance 
province and the mainland (M) of destination.  
The distribution of the container maritime flows is done linking each province q, with the most likely 
output/input (O/I) port j, by GC and M . The assignment at each export-import operation in SCS with the most likely 
O/I port is carried under the assumption that the port chose is that located in the same maritime province where the 
customs clearance is done. If the customs clearance is in an inland province, the operation is discarded basing on the 
fact that this traffic is minor and similar to observed in trade flows directly linked to a maritime province. This was 
proved in (Garcia-Alonso, 2005) doing a redistribution inter-port of the flow to inland provinces by GC and M from 
1988 to 2002. 
The main drawback is that, due to data confidentiality concerns, we can't know the information on the cargo 
volume exported by each company (DSEIC does not include information on the volume of the cargo exported by 
each company, neither SCS the name of the company performing the trade). Consequently, it is impossible to know 
the choice of the port by the company at a disaggregated level. But, if we aggregated the information provided by 
SCS, we have the provincial origin of foreign trade flows. And, if we do the distribution of the container maritime 
flows as presented in the paragraph before, we can know the most probably share market that manages the Spanish 
ports for each one of this flows. 
The joint use of these two bases plus the methodology for the distribution of the container maritime flows already 
has been applied in (Martínez-Pardo & Garcia-Alonso, 2014) to further define the boundaries of the spanish ports’ 
hinterland define in (Garcia-Alonso & Sanchez-Soriano, 2009). 
5.2. Data set 
Using the SCS database and the methodology outlined in 5.1 we can know the market share of all ports serving 
the trade of a particular good GC, from a region q (province level) to the mainland M. Merging this data with 
DSEIC we know the characteristics of the companies in region q which export a particular good GC to the mainland 
M. Directly we know the company size (Sn). It indicates the value, by ranges, of the performed operations by the 
company. Nowadays, the following ranges of commercial operations can be found: I, less than 100,000 Euros; II, 
between 100,000 and 1,000,000 Euros and III, higher than 1,000,000 Euros.  
Merging the data set again with other databases, we can add much more information relating to the company, the 
place where they are located or the land which they trade. 
An extract of the dataset, simplified to illustrate application in 5.3, is shown in table 1. Note that, in one hand, 
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instead of the port choice of the company only the observations on groups of companies that trade GC from a region 
q to the mainland M (ܩ௞) are available. On the other hand, a positive side of data set is that we have the market share 
of all ports serving the trade of all ܩ௞.  
We can extrapolate the number of companies choosing port j multiplying the total number of firms in each group 
(ܰீೖ) by port j market share. This creates a problem if the number of companies is lower than the alternatives. In 
that case, there will be a repetition of the companies in ܩ௞ until reach a sufficient number of companies. 
Table 1. Data set extract 
Companie Sn Council Region M GC Port A Port B Port C 
1 I Santiago de Compostela A Coruña America 32 0.3 0.5 0.2 
2 III Santiago de Compostela A Coruña America 32 0.3 0.5 0.2 
3 II A Coruña A Coruña America 32 0.3 0.5 0.2 
4 I A Coruña A Coruña America 32 0.3 0.5 0.2 
5 II A Coruña A Coruña America 32 0.3 0.5 0.2 
6 III A Coruña A Coruña America 32 0.3 0.5 0.2 
7 I A Coruña A Coruña America 32 0.3 0.5 0.2 
8 II A Coruña A Coruña America 32 0.3 0.5 0.2 
9 I A Coruña A Coruña America 32 0.3 0.5 0.2 
10 II Muxía A Coruña America 32 0.3 0.5 0.2 
11 I A Coruña A Coruña Asia 32 0.5 0 0.5 
12 I A Coruña A Coruña Asia 32 0.5 0 0.5 
13 III Betanzos A Coruña America 69 0.75 0.25 0 
14 II Betanzos A Coruña America 69 0.75 0.25 0 
15 I Santander Cantabria Asia 12 0.0 0.6 0.4 
16 III Santander Cantabria Asia 12 0.0 0.6 0.4 
17 II Santander Cantabria Asia 12 0.0 0.6 0.4 
18 I Castañeta Cantabria Asia 12 0.0 0.6 0.4 
19 I Castañeta Cantabria Asia 12 0.0 0.6 0.4 
5.3. Application 
To illustrate it we use an extract of the dataset, simplified, shown in table 1. 
For ܩଵ:  
ܥீభ ൌ  ሼǡ ǡ ሽǡ ܰீభ ൌ ͳͲǡ ݕො஺
ீభ ൌ ͵ǡ ݕො஻
ீభ ൌ ͷǡ ݕො஼
ீభ ൌ ʹǡ ܮீభ ൌ
ͳͲǨ
͵Ǩ ͷǨ ʹǨ
ൌ ʹͷʹͲ 
For ܩଶ:  
ܥீమ ൌ  ሼǡ ሽǡ ܰீమ ൌ ʹǡ ݕො஺
ீమ ൌ ͳǡ ݕො஻
ீమ ൌ Ͳǡ ݕො஼
ீమ ൌ ͳǡ ܮீమ ൌ
ʹǨ
ͳǨ ͳǨ
ൌ ʹ 
For ܩଷ:  
ܥீయ ൌ  ሼǡ ሽǡ ܰீయ ൌ Ͷǡ ݕො஺
ீయ ൌ ͵ǡ ݕො஻
ீయ ൌ ͳǡ ݕො஼
ீయ ൌ Ͳǡ ܮீయ ൌ
ͶǨ
͵Ǩ ͳǨ
ൌ Ͷ 
For ܩସ:  
ܥீర ൌ  ሼǡ ሽǡ ܰீర ൌ ͷǡ ݕො஺
ீర ൌ ͵ǡ ݕො஻
ீర ൌ ͵ǡ ݕො஼
ீర ൌ ʹǡ ܮீర ൌ
ͷǨ
͵Ǩ ʹǨ
ൌ ͳͲ 
So, the equation 4 can be written as: 
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6. Final considerations and future directions 
The highlight of this paper is we found a way to use public data at the highest detail level. This allows us to (1) 
without knowing the alternative chosen at a disaggregated level have a model that can explain and predict the port 
choice by knowing characteristics of the company, the place where they are located, the land which they trade, trade 
goods, and of course, port characteristics . And (2), set up a methodology which could be reuse and applied it in 
other fields as long as they have the same common structure of public data.  
The next steps are to analyze the DCM that are most applicable to the study of port choice. Secondly, to develop 
the computational algorithms specific for the theoretical model and implement it in GOAPORT. and, finally, to 
extend the model with panel data. 
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